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(54) DISPLAY DEVICE

(57)  To provide a display device capable of making
a display area and its surrounding area a uniform color
when the display area is not active.

A display device 100 includes a liquid crystal display
device 20 having a display area and a hidden area sur-
rounding the display area; a liquid crystal shutter 10 lay-
ered on the liquid crystal display device 20 and having a

FIG. 1

first area corresponding to the display area and a second
area corresponding to the hidden area; and a control unit
200 for setting the first and second areas to a transparent
state and an opaque state, respectively, when the display
area is active, and setting the first and second areas to
the opaque state when the display area is not active.
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Description

[0001] The presentinventionrelatestoadisplaydevice
for displaying various kinds of information.

[0002] Conventionally, adisplay device having aframe
area around its display section is known (see, for exam-
ple, Patent Literature 1). In the frame area of this display
device, a light-shielding resin layer is provided on the
backside of a surface glass substrate, thereby hiding var-
ious circuits provided under the light-shielding resin layer,
such as a driver, from being exposed to the surface.

Citation List
Patent Literature

[0003] Patent Literature 1: JP 2006-220786 A

[0004] There is a problem with the above-described
display device disclosed in Patent Literature 1 in that,
due to a structural difference between the display section
and its surrounding frame area, they do not appear to be
a uniform color in a strict sense as seen from the surface
side when the display section is not active (i.e. the device
for displaying various kinds of information on the display
sectionis not powered on). There is a desire among some
display device manufacturers for a display device in
which the display section and the frame area are a uni-
form color when the display section is not active, and at
the start of operation content to be displayed gradually
emerges from a blank part (fade-in); and conversely, at
the end of operation displayed content gradually disap-
pears and ends in a blank state again (fade-out). How-
ever, until now, it has been physically difficult to make
the display section and the frame area a uniform color
and the desire of manufacturers has not been able to be
fulfilled.

[0005] The presentinvention has been devised in view
of such circumstances, and the object of the invention is
to provide a display device capable of making a display
area and its surrounding area a uniform color when the
display area is not active.

[0006] Theinventionrelatestoadisplaydevice accord-
ing to claim 1. A display device according to an aspect
of the present invention includes: displaying means hav-
ing a display area and a hidden area surrounding the
display area; a liquid crystal shutter layered on the dis-
playing means and having a first area corresponding to
the display area and a second area corresponding to the
hidden area; and controlling means for setting the first
area and the second area to a transparent state and an
opaque state, respectively, when the display area is ac-
tive, and setting the first and second areas to the opaque
state when the display area is not active.

[0007] Since the liquid crystal shutter is layered on the
displaying means and switches between the transparent
and opaque states in conjunction with the display area
of the displaying means, the color of the display area in
the opaque state can be exactly matched with that of the
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hidden area in the opaque state.

[0008] According to an embodiment the liquid crystal
shutter described above includes a liquid crystal, a pair
of orientation films arranged to sandwich the liquid crys-
tal, and a pair of transparent electrodes arranged to sand-
wich the pair of the orientation films; the pair of the trans-
parent electrodes includes a pair of first electrodes cor-
responding to the first area and a pair of second elec-
trodes corresponding to the second area; voltage at the
same potential and voltage having a predetermined fre-
quency and a predetermined potential difference are se-
lectively applied across the pair of the first electrodes;
and the voltage at the same potential is always applied
across the pair of the second electrodes. Since the first
or second electrodes extend over the entire surface of
the liquid crystal shutter, the first and second areas may
be configured to have the same structure, and can give
a uniform appearance, for example, in the way they re-
flect light, when viewed from outside.

[0009] According to an embodiment the first area in-
cluded in the above-described liquid crystal shutter is di-
vided into a plurality of division areas, and the controlling
means sets each of the division areas separately to the
transparent state or the opaque state. Particularly, ac-
cording to an embodiment each of the plurality of division
areas described above can be separately setto the trans-
parent state or the opaque state regardless of the oper-
ating state of the display area. Thus, even when the dis-
play areais divided into a plurality of areas and the display
state is set for each of the division areas separately, it is
possible to exactly match the color of a subset of the
division areas being not activated with the color of their
surrounding areas.

[0010] According to an embodiment the liquid crystal
shutter described above includes a liquid crystal, a pair
of orientation films arranged to sandwich the liquid crys-
tal, and a pair of transparent electrodes arranged to sand-
wich the pair of the orientation films; the pair of the trans-
parent electrodes includes a plurality of pairs of first elec-
trodesrespectively corresponding to a plurality of division
areas included in the first area and a pair of second elec-
trodes corresponding to the second area; voltage at the
same potential and voltage having a predetermined fre-
quency and a predetermined potential difference are se-
lectively and separately applied across each of the plu-
rality of the pairs of the first electrodes; and the voltage
at the same potential is always applied across the pair
of the second electrodes. Since the plurality of the pairs
of the first electrodes and the pair of the second elec-
trodes extend over the entire surface of the liquid crystal
shutter, the first and second areas may be configured to
have the same structure, and can give a uniform appear-
ance, for example, in the way they reflect light, when
viewed from outside. Furthermore, since two types of
voltage (voltage at the same potential and voltage having
a predetermined frequency and a predetermined poten-
tial difference) may be selectively applied across the plu-
rality of the pairs of the first electrodes and the pair of the
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second electrodes, respectively, the need for providing
differentarrangements for applying these voltages to cor-
respond to the plurality of the pairs of the first electrodes
and the pair of the second electrodes is eliminated, there-
by enabling a simplified configuration.

[0011] According to an embodiment overcoat layers
are formed between the above-described orientation
films and the first and second electrodes, as well as be-
tween the first electrodes and the second electrodes.
Particularly, it is desirable that the use of the overcoat
layers can reduce a level difference and a difference in
optical properties between where the first electrodes or
second electrodes are provided and where they are not
provided. This enables an entirely optically uniform struc-
ture of the electrodes and their surroundings.

[0012] According to an embodiment the above-de-
scribed liquid crystal shutter further includes a pair of
polarizing plates arranged to sandwich the pair of the
transparent electrodes, and the respective transmission
axes of the pair of the polarizing plates are set at the
same angle. This enables the liquid crystal shutter to be-
come transparent or opaque by applying voltage on the
liquid crystal.

[0013] According to an embodiment the above-de-
scribed displaying means is a liquid crystal display de-
vice, and one of the pair of the polarizing plates, which
is located on the side near the liquid crystal display de-
vice, may also be used as one of another pair of polarizing
plates included in the liquid crystal display device, which
is located on the side near the liquid crystal shutter. Thus,
the number of parts can be reduced by sharing a polar-
izing plate, which would otherwise be provided individu-
ally for the liquid crystal shutter and the liquid crystal dis-
play device. Furthermore, reducing the number of polar-
izing plates by one can increase the transmittance. Fur-
thermore, when a liquid crystal display device is used as
the displaying means, the front surface of the liquid crys-
tal shutter, including a section for shielding an area under
which a driving circuit of the liquid crystal display device
is located, can be made a uniform color with no boundary.
[0014] According to an embodiment the above-de-
scribed displaying means is a liquid crystal display de-
vice, the liquid crystal display device includes a backlight,
and the transparency of the first area is variable. This
enables the total dimming ratio in a combination of the
liquid crystal display device and the liquid crystal shutter
to be expanded.

[0015] Accordingtoanembodimentthe variation ofthe
transparency in the first area described above is enabled
by varying at least one of the magnitude and frequency
of the voltage applied across the pair of the first elec-
trodes. Controlling the applied voltage or frequency in
this way allows the transparency of the liquid crystal shut-
ter to be varied with relative ease.

[0016] Accordingto an embodiment the display device
further includes a touch panel which is placed between
the above-described liquid crystal shutter and the dis-
playingmeans and has a transparent area corresponding
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tothefirstarea. Even when such atouch panelis provided
and an area including circuitry located around the trans-
parent area of the touch panel is to be shielded, the entire
surface of the liquid crystal shutter, when it is not active,
can be made a uniform color.

[0017] According to an embodiment the display device
is configured to perform a display operation which is start-
ed in the following order:

(1) In the liquid crystal shutter, the first area is
switched to the transparent state;

(2) Displaying by the liquid crystal display device is
started; and

(3) The backlight is turned on.

[0018] In this way, when the display operation is start-
ed, by initially switching the liquid crystal shutter to the
transparent state, almost the same feeling in use can be
obtained as that given by a conventional light-shielding
resin layer used to shield the perimeter (frame area).
[0019] According to an embodiment the display device
is configured to perform a display operation which is start-
ed in the following order:

(1) In the liquid crystal shutter, the first area is
switched to the transparent state;

(2) Displaying by the liquid crystal display device is
started; and

(3) The backlight is gradually brightened.

[0020] In this way, when the display operation is start-
ed, by initially switching the liquid crystal shutter to the
transparent state, and finally gradually brightening the
backlight, a fade-in can be realized in which content to
be displayed gradually emerges in an apparently uniform
and blank section.

[0021] According to an embodiment the display device
is configured to perform a display operation which is ter-
minated in the following order:

(1) The backlight is turned off;

(2) The displaying by the liquid crystal display device
is terminated; and

(3) In the liquid crystal shutter, the first area is
switched to the opaque state.

[0022] In this way, when the display operation is ter-
minated, by finally switching the liquid crystal shutter to
the opaque state, almost the same feeling in use can be
obtained as that given by a conventional light-shielding
resin layer used to shield the perimeter (frame area).
[0023] According to an embodiment the display device
is configured to perform a display operation which is ter-
minated in the following order:

(1) The backlight is gradually dimmed;
(2) The displaying by the liquid crystal display device
is terminated; and
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(3) In the liquid crystal shutter, the first area is
switched to the opaque state.

[0024] In this way, when the display operation is ter-
minated, by initially gradually dimming the backlight and
finally switching the liquid crystal shutter to the opaque
state, a fade-out can be realized in which displayed con-
tent sinks and goes into a blank and uniform state.

Brief Description of Drawings
[0025]

FIG. 1illustrates the configuration of a display device
according to a first embodiment;

FIG. 2 illustrates the positional relationship between
a liquid crystal shutter and a liquid crystal display
device;

FIG. 3illustrates the configuration of the liquid crystal
shutter and the liquid crystal display device shown
in FIG. 1;

FIG. 4 illustrates the detailed configuration of a TN
LCD cell;

FIG. 5 illustrates a basic configuration of an upper
transparent electrode and a lower transparent elec-
trode;

FIG. 6 illustrates a variation of the configuration of
the upper transparent electrode and the lower trans-
parent electrode arranged to avoid intersection of
connecting lines with the electrodes;

FIG. 7 illustrates a variation in which a backlight is
gradually brightened;

FIG. 8 illustrates the positional relationship between
a liquid crystal shutter and a liquid crystal display
device according to a second embodiment;

FIG. 9 illustrates the configuration of an upper trans-
parent electrode and a lower transparent electrode
arranged to avoid intersection of connecting lines
with the electrodes according to the second embod-
iment;

FIG. 10 illustrates a case where display operation is
performed using an entire display area;

FIG. 11 illustrates a case where display operation is
performed using part of the display area;

FIG. 12 illustrates a variation of the display device
in which one of the polarizing plates is omitted; and
FIG. 13 illustrates the positional relationship be-
tween a touch panel, a liquid crystal shutter, and a
liquid crystal display device.

[0026] A display device according to an embodiment
of the present invention will now be described with ref-
erence to the drawings.

[0027] FIG. 1 illustrates the configuration of a display
device according to a first embodiment. As shown in FIG.
1, the display device 100 according to this embodiment
includes a liquid crystal shutter 10, liquid crystal display
device (LCD) 20, backlight 30, and an optical coupling 40.
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[0028] The liquid crystal shutter 10 is layered on the
liquid crystal display device 20 as displaying means hav-
ing a display area and its surrounding hidden area, and
has a first area corresponding to the display area and a
second area corresponding to the hidden area. The op-
tical coupling 40 is used between the liquid crystal shutter
10 and the liquid crystal display device 20 to join them
with no optical gap. Further, under the liquid crystal dis-
play device 20 (i.e. on the side opposing the liquid crystal
shutter 10), the backlight 30 is located. A power supply
220 and a power supply 230 are connected to the liquid
crystal display device 20 and the backlight 30, respec-
tively to apply voltage required for operation.

[0029] FIG. 2illustrates the positional relationship be-
tween the liquid crystal shutter 10 and the liquid crystal
display device 20. As shown in FIG. 2, the liquid crystal
display device 20 includes a display area 20A and a hid-
den area 20B. The display area 20A is an area capable
of displaying various kinds of information using the liquid
crystal display device 20. The hidden area 20B is an area
that surrounds the display area 20A and includes, for
example, a driver that drives electrodes and driving ele-
ments included in the display area 20A. This hidden area
20B is blocked from the user of the display device 100
so as to prevent the components inside, such as a driver,
from being exposed.

[0030] Also, as shownin FIG. 2, the liquid crystal shut-
ter 10 includes a first area 10A, which corresponds to
and is of the same size as the display area 20A of the
liquid crystal display device 20, and a second area 10B,
which corresponds to and is slightly larger than the hid-
den area 20B. The first area 10A is set to a transparent
state when the display area 20A is active (when the liquid
crystal display device 20 is operating), and to an opaque
state when the display area 20A is not active. The second
area 10B is set to an opaque state whether the display
area 20A is active or not. These settings are made by a
control unit 200 as controlling means to which a power
supply 210 is connected.

[0031] FIG. 3 illustrates the configuration of the liquid
crystal shutter 10 and the liquid crystal display device 20
shown in FIG. 1. As shown in FIG. 3, the liquid crystal
shutter 10 includes a TN (Twisted Nematic) LCD cell 11,
polarizing plates 12 and 13, and an anti-scattering film
14. A pair of polarizing plates 12 and 13 is arranged to
sandwich the TN LCD cell 11 and the anti-scattering film
14 is provided on the surface of one of the polarizing
plates 12. The surface of the anti-scattering film 14 is
over-coated with anti-reflection (AR) and anti-glare (AG)
hard-coat (HC). The respective transmission axes of the
pair of the polarizing plates 12 and 13 are set at the same
angle (0°). When voltage having predetermined frequen-
cy and a predetermined potential difference is applied to
the TN LCD cell 11 corresponding to the first area 10A,
a liquid crystal within the TN LCD cell 11 corresponding
to the first area 10A responds by changing to the trans-
parent state, and the first area 10A of the liquid crystal
shutter 10 is brought to the transparent state. When such
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an applied voltage is removed, the liquid crystal within
the TN LCD cell 11 corresponding to the first area 10A
returns to an inactive state in which it is opaque, and the
first area 10A of the liquid crystal shutter 10 is brought
to the opaque state.

[0032] Also, as shown in FIG. 3, the liquid crystal dis-
play device 20 includes an IPS (In Plane Switching®)
LCD cell 21 and polarizing plates 22 and 23. The pair of
the polarizing plates 22 and 23 is arranged to sandwich
the IPS LCD cell 21. The respective transmission axes
of the pair of the polarizing plates 22 and 23 are orthog-
onal (at an angle of 90°) to each other. For example, the
transmission axis of one of the polarizing plates 22 may
be set at an angle of 0° which is the same as that of the
polarizing plate 13 within the liquid crystal shutter 10,
while the transmission axis of the other polarizing plate
23 may be set at an angle of 90°.

[0033] Note that although in the above-described ex-
ample the TN LCD cell 11 is used in the liquid crystal
shutter 10, other modes of LCD cells, which allow the
first area 10A to be switched between the transparent
and opaque states, may also be used. Similarly, although
the IPS LCD cell 21 is used in the liquid crystal display
device 20, according to this embodiment, other modes
of LCD cells or other types of display devices, which allow
various kinds of information to be displayed on the display
area 20A, may also be used.

[0034] FIG. 4 illustrates the detailed configuration of
the TN LCD cell 11. As shown in FIG. 4, the TN LCD cell
11 includes a liquid crystal 110, an upper orientation film
111 and alowerorientation film 112 arranged to sandwich
the liquid crystal 110, an upper overcoat layer 113 and
a lower overcoat layer 114 arranged to sandwich the up-
per orientation film 111 and the lower orientation film 112,
an upper transparent electrode 115 and a lower trans-
parent electrode 116 arranged to sandwich the upper
overcoat layer 113 and the lower overcoat layer 114, and
an upper glass substrate 117 and a lower glass substrate
118 arranged to sandwich the upper transparent elec-
trode 115 and the lower transparent electrode 116.
[0035] FIG. 5 illustrates a basic configuration of the
upper transparent electrode 115 and the lower transpar-
ent electrode 116. Each of the upper transparent elec-
trode 115 and the lower transparent electrode 116 is
made of, for example, an Indium Tin Oxide (ITO) film.
[0036] The upper transparent electrode 115 includes
a first electrode 115A corresponding to the first area 10A
of the liquid crystal shutter 10 and a second electrode
115C corresponding to the second area 10B. Similarly,
the lower transparent electrode 116 includes a first elec-
trode 116B corresponding to the first area 10A of the
liquid crystal shutter 10 and a second electrode 116C
corresponding to the second area 10B. Across the pair
ofthefirstelectrodes 115A and 116B, voltage atthe same
potential and voltage having a predetermined frequency
and a predetermined potential difference are selectively
applied by the control unit 200. When the voltage having
the predetermined frequency and the predetermined po-
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tential difference is applied, the liquid crystal 110 sand-
wiched between the pair of the first electrodes 115A and
116B responds by switching to the transparent state.
When such an applied voltage is removed and the voltage
at the same potential is applied, the liquid crystal 110
sandwiched between the pair of first electrodes 115A and
116B becomes inactive and switches to the opaque state.
In contrast, since the voltage at the same potential is
always applied across the other pair of the second elec-
trodes 115C and 116C, the liquid crystal 110 sandwiched
between the pair of the second electrodes 115C and
116C does not respond and remains in the opaque state.
[0037] Further, although the upper overcoat layer 113
is located between the upper transparent electrode 115,
which includes the first electrode 115A and the second
electrode 115C, and the upper orientation film 111, the
upper overcoat layer 113 is also formed to fill a gap be-
tween the first electrode 115A and the second electrode
115C (a gap necessary to keep the electrodes electrically
isolated). Itis intended that the use of the upper overcoat
layer 113 reduces a level difference or a difference in
optical properties between where the first electrode 115A
or the second electrode 115C is provided and where it
is not provided. For example, the upper overcoat layer
113 may be made of a material combining polyimide and
€poxy.

[0038] Similarly, although the lower overcoat layer 114
is located between the lower transparent electrode 116,
which includes the first electrode 116B and the second
electrode 116C, and the lower orientation film 112, the
lower overcoat layer 114 is also formed to fill a gap be-
tween the first electrode 116B and the second electrode
116C. It is intended that the use of the lower overcoat
layer 114 reduces a level difference or a difference in
optical properties between where the first electrode 116B
or the second electrode 116C is provided and where it
is not provided. For example, the lower overcoat layer
114 may be made of a material combining polyimide and
€poxy.

[0039] With reference to FIG. 5, it can be seen that in
the basic configuration connecting lines for applying volt-
age from the control unit 200 to the first electrodes 115A
and 116B intersect with the second electrodes 115C and
116C, which is undesirable.

[0040] FIG. 6illustrates a variation of the configuration
of the upper transparent electrode 115 and the lower
transparent electrode 116 arranged to avoid intersection
of connecting lines with the electrodes. As shown in FIG.
6, the upper transparent electrode 115 includes an H-
shaped electrode 115D and two rectangular electrodes
115E and 115F. Predetermined gaps are formed be-
tween these three electrodes 115D, 115E and 115F, to
keep them electrically isolated. The lower transparent
electrode 116 includes three rectangular electrodes
116G, 116H and 116J. Predetermined gaps are formed
between these three electrodes 116G, 116H and 116J
to keep them electrically isolated.

[0041] In the upper transparent electrode 115 and the
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lower transparent electrode 116 configured as described
above, the electrode 115D included in the upper trans-
parent electrode 115 and the electrodes 116H and 116J
included in the lower transparent electrode 116 are all
connected to afirst output terminal of the control unit 200.
The electrodes 115E and 115F included in the upper
transparentelectrode 115 and the electrode 116G includ-
edinthe lower transparent electrode 116 are all connect-
ed to a second output terminal of the control unit 200.
[0042] The voltage having the predetermined frequen-
cy and the predetermined potential difference output from
the control unit 200 is applied only to the hatched areas
in the upper transparent electrode 115 and the lower
transparent electrode 116, and the voltage at the same
potential is applied to the remaining areas. Accordingly,
the hatched areas in the upper transparent electrode 115
and the lower transparent electrode 116 can be used as
the first electrodes 115A and 116B (FIG. 5), and the other
areas can be used as the second electrodes 115C and
116C (FIG. 5). Furthermore, the connecting lines be-
tween each of the upper transparent electrode 115 and
the lower transparent electrode 116 and the control unit
200 can be drawn from the edges of the upper transpar-
ent electrode 115 and the lower transparent electrode
116.

[0043] In this way, in the display device 100 according
to this embodiment, since the liquid crystal shutter 10 is
layered on the liquid crystal display device 20 and switch-
es between the transparent and opaque states in con-
junction with the display area 20A of the liquid crystal
display device 20, the color of the display area 20A in
the opaque state can be exactly matched with that of the
hidden area 20B in the opaque state.

[0044] Furthermore, when the liquid crystal display de-
vice 20 is used as the displaying means, the front surface
of the liquid crystal shutter 10, including a section for
shielding an area under which a driving circuit of the liquid
crystal display device 20 is located (hidden area 20B),
can be made a uniform color with no boundary.

[0045] Further, since the first or second electrodes
(FIGs. 5 and 6) are located all over the liquid crystal shut-
ter 10, the first and second areas 10A and 10B may be
configured to have the same structure, and can give a
uniform appearance, for example, in the way they reflect
light, when viewed from outside.

[0046] Additionally, by forming the upper overcoat lay-
er 113 or the lower overcoat layer 114 to fill the gaps
between each of the upper orientation fiim 111 and the
lower orientation film 112 and the first and second elec-
trodes, as well as between the first electrodes and the
second electrodes, respectively, a level difference be-
tween where the first electrodes or the second electrodes
are provided and where they are not provided can be
reduced, and the optical structure of the upper transpar-
ent electrode 115, the lower transparent electrode 116,
and their perimeters can be made completely uniform.
[0047] Further, the liquid crystal shutter 10 includes
the pair of the polarizing plates 12 and 13 (FIG. 3) ar-
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ranged to sandwich the pair of the transparent electrodes
115 and 116 (FIG. 4), and the respective transmission
axes of the pair of the polarizing plates 12 and 13 are set
at the same angle. This enables the liquid crystal shutter
10 to switch between the transparent and opaque states
by applying voltage on the liquid crystal 110 (FIG. 4).
[0048] In the following, by way of example, start and
termination procedures of the operation of the display
device 100 will be described.

(Basic Start Procedure)

[0049] After the display device 100 is turned on, the
display operation is started in the following order:

(1) In the liquid crystal shutter 10, the first area 10A
(FIG. 2) is switched to the transparent state;

(2) Displaying by the liquid crystal display device 20
is started; and

(3) The backlight 30 is turned on. Note that this series
of starting steps is controlled by a controller, not
shown in the figure, that directs the timing of the re-
spective steps. This applies to other procedures de-
scribed below as well.

[0050] In this way, when the display operation is start-
ed, by initially switching the liquid crystal shutter 10 to
the transparent state, almost the same feeling in use can
be obtained as that given by a conventional light-shield-
ing resin layer used to shield the perimeter (frame area).

(Basic Termination Procedure)

[0051] Before the display device 100 is turned off, the
display operation is terminated in the following order:

(1) The backlight 30 is turned off;

(2) The displaying by the liquid crystal display device
20 is terminated; and

(3) In the liquid crystal shutter 10, the first area 10A
(FIG. 2) is switched to the opaque state.

[0052] In this way, when the display operation is ter-
minated, by finally switching the liquid crystal shutter 10
to the opaque state, almost the same feeling in use can
be obtained as that given by a conventional light-shield-
ing resin layer used to shield the perimeter (frame area).

(Start Procedure for Fade-in)

[0053] After the display device 100 is turned on, the
display operation is started in the following order:

(1) In the liquid crystal shutter 10, the first area 10A
(FIG. 2) is switched to the transparent state;

(2) Displaying by the liquid crystal display device 20
is started; and

(3) The backlight 30 is gradually brightened.
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[0054] FIG. 7 illustrates a variation in which the back-
light 30 is gradually brightened. In the configuration
shown in FIG. 7, a PWM circuit 232 is added to the con-
figuration shown in FIG. 1 between the power supply 230
and the backlight 30. For example, the PWM circuit 232
generates a PWM driving signal to turn on/off the back-
light 30 and the backlight 30 can be gradually brightened
by gradually increasing the on-duty of the PWM driving
signal.

[0055] In this way, when the display operation is start-
ed, by initially switching the liquid crystal shutter 10 to
the transparent state, and finally gradually brightening
the backlight 30, a fade-in can be realized in which con-
tent to be displayed gradually emerges in an apparently
uniform and blank section.

(Termination Procedure for Fade-out)

[0056] Before the display device 100 is turned off, the
display operation is terminated in the following order:

(1) The backlight 30 is gradually dimmed. For exam-
ple, the backlight 30 can be gradually dimmed by
gradually reducing the on-duty of the PWM driving
signal by the PWM circuit 232 shown in FIG. 7;

(2) The displaying by the liquid crystal display device
20 is terminated; and

(3) In the liquid crystal shutter 10, the first area 10A
(FIG. 2) is switched to the opaque state.

[0057] In this way, when the display operation is ter-
minated, by initially gradually dimming the backlight 30
and finally switching the liquid crystal shutter 10 to the
opaque state, a fade-out can be realized in which dis-
played content sinks and goes into a blank and uniform
state.

[0058] Although in the above-described embodiment
the entire display area 20A of the liquid crystal display
device 20 has been described as starting its display op-
eration as a unit and then terminating the display oper-
ation, the present invention can still be applied to a case
where a display area 20A is divided into a plurality of
division areas and display operation is started/terminated
for each division area, by combining a liquid crystal shut-
ter 10 with a liquid crystal display device 20.

[0059] FIG. 8 illustrates the positional relationship be-
tween a liquid crystal shutter 10 and a liquid crystal dis-
play device 20 according to a second embodiment. As
shown in FIG. 8, the liquid crystal display device 20 in-
cludes a display area 20A and a hidden area 20B. The
display area 20A is an area capable of displaying various
kinds of information using the liquid crystal display device
20. Itis assumed thatin this embodiment the liquid crystal
display device 20 is capable of switching between using
the display area 20A as a whole and using part of the
display area 20A for displaying various kinds of informa-
tion as appropriate.

[0060] For example, consider a liquid crystal display
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device 20 having a display area 20A divided into two
division areas 20A1 and 20A2 and integrated into a ve-
hicle-mounted head unit. It may be possible to use one
division area 20A1 to display vehicle interior temperature
and operating conditions of an air conditioner, and the
other division area 20A2 to display operating conditions
of other components such as an audio device. In this
case, the one division area 20A1 is always active for dis-
playing as long as the key switch of the vehicle is on. On
the other hand, the other division area 20A2 becomes
active for displaying only when the components such as
an audio device are in use, and remains inactive (for ex-
ample, a black screen appears so as not to show any
information to a user) when they are notin use. Note that,
although in this example the one division area 20A1 is
configured to be always active for displaying, the one
division area 20A1 may also be configured to switch be-
tween the active and inactive states for displaying as with
the other division area 20A2.

[0061] The hidden area 20B is an area that surrounds
the display area 20A and includes, for example, a driver
that drives electrodes and driving elements included in
the display area 20A. This hidden area 20B is blocked
from the user of the display device 100 so as to prevent
the components inside, such as a driver, from being ex-
posed. Note that this liquid crystal display device 20 may
be the same as the liquid crystal display device 20 shown
in FIG. 2, described in the first embodiment.

[0062] Also, as shownin FIG. 8, the liquid crystal shut-
ter 10’ includes a first area 10A’, which corresponds to
and is of the same size as the display area 20A of the
liquid crystal display device 20, and a second area 10B,
which corresponds to and is slightly larger than the hid-
den area 20B. Further, the first area 10A consists of two
division areas 10A1’ and 10A2’. The two division areas
10A1’ and 10A2’ constituting the first area 10A’ oppose
to the two division areas 20A1 and 20A2 of the display
area 20A, respectively, and are set to the transparent
state when the opposing two division areas 20A1 and
20A2 are active for displaying and to the opaque state
when they are not, respectively. The second area 10B is
always set to the opaque state whether the two division
areas 20A1 and 20A2 of the display area 20A is active
or not. These settings are made by a control unit 200
(FIG. 1) as controlling means to which a power supply
210 is connected.

[0063] FIG. 9 illustrates the configuration of an upper
transparent electrode 115 and a lower transparent elec-
trode 116 arranged to avoid intersection of connecting
lines with the electrodes according to the second embod-
iment.

[0064] The configuration shown in FIG. 9 corresponds
to the configuration according to the first embodiment
described above using FIG. 6 , and therefore, as for its
overall structure including a liquid crystal shutter 10 and
a TN LCD cell 11, the structure shown in FIGs. 3 and 4
may be used as is.

[0065] AsshowninFIG.9,the upper transparent elec-
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trode 115 includes an H-shaped electrode 115K and four
rectangular electrodes 115M, 115N, 115P and 115Q.
Predetermined gaps are formed between these five elec-
trodes 115K, 115M, 115N, 115P and 115Q to keep them
electrically isolated. The lower transparent electrode 116
includes four rectangular electrodes 116R, 116S, 116T
and 116U. Predetermined gaps are formed between
these four electrodes 116R, 116S, 116T and 116U to
keep them electrically isolated.

[0066] In the upper transparent electrode 115 and the
lower transparent electrode 116 configured as described
above, the electrode 115K included in the upper trans-
parent electrode 115 and the electrodes 116T and 116U
included in the lower transparent electrode 116 are all
connected to afirst outputterminal of the control unit 200.
The electrodes 115P and 115Q included in the upper
transparent electrode 115 and the electrode 116S includ-
edinthe lower transparent electrode 116 are all connect-
ed to a second output terminal of the control unit 200.
Further, the electrodes 115M and 115N included in the
upper transparent electrode 115 and the electrode 116R
included in the lower transparent electrode 116 are all
connected via a switch 202 to either one of the first and
second output terminals of the control unit 200.

(A Case Where Both of Two Division Areas 20A1 and
20A2 of Display Area 20A is Activated for Displaying)

[0067] The control unit 200 is activated and the elec-
trodes 115M and 115N included in the upper transparent
electrode 115 and the electrode 116R included in the
lower transparent electrode 116 are connected to the
second output terminal of the control unit 200 through
the switch 202. In this case, voltage having a predeter-
mined frequency and a predetermined potential differ-
ence outputfrom the control unit200is applied to hatched
areas in the upper transparent electrode 115 and the
lower transparent electrode 116 (both of the division ar-
eas 10A1’ and 10A2’) shown in FIG. 10, and voltage at
the same potential is applied to the remaining areas. Ac-
cordingly, information displayed on each of the two divi-
sion areas 20A1 and 20A2 of the display area 20A is
allowed to pass through the liquid crystal shutter 10.

(A Case Where One Division Area 20A1 of Display Area
20A is Activated for Displaying and the Other Division
Area 20A2 is Not Activated)

[0068] The control unit 200 is activated and the elec-
trodes 115M and 115N included in the upper transparent
electrode 115 and the electrode 116R included in the
lower transparent electrode 116 are connected to the first
output terminal of the control unit 200 through the switch
202. In this case, the voltage having the predetermined
frequency and the predetermined potential difference
output from the control unit 200 is applied to hatched
areas in the upper transparent electrode 115 and the
lower transparent electrode 116 (division areas 10A1’
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only) shown in FIG. 11, and voltage at the same potential
is applied to the remaining areas. Accordingly, informa-
tion displayed on one of the division areas 20A1 of the
display area 20A only is allowed to pass through the liquid
crystal shutter 10.

(A Case Where Both Division Areas 20A1 and 20A2 of
Display Area 20A are Not Activated)

[0069] The control unit 200 is stopped (both of the out-
put terminals are set at the same potential) and the elec-
trodes 115M and 115N included in the upper transparent
electrode 115 and the electrode 116R included in the
lower transparent electrode 116 are connected to the
second output terminal (or may be connected to the first
output terminal as well) of the control unit 200 through
the switch 202. In this case, since all the electrodes in-
cluded in the upper transparent electrode 115 and the
lower transparent electrode 116 included in the liquid
crystal shutter 10 are at the same potential, the entire
liquid crystal shutter 10 can be brought to the opaque
state.

[0070] Inthis way, according to this embodiment, since
a plurality of pairs (for example, two pairs) of first elec-
trodes (electrodes corresponding to the two division ar-
eas 10A1’ and 10A2’) and a pair of second electrodes
(electrodes corresponding to the hidden area 20B) are
provided all over the liquid crystal shutter 10’, the first
and second areas may be configured to have the same
structure, and can give a uniform appearance, for exam-
ple, in the way they reflect light, when viewed from out-
side. Furthermore, since two types of voltage (voltage at
the same potential and voltage having a predetermined
frequency and a predetermined potential difference) may
be selectively applied across the plurality of the pairs of
the first electrodes and the pair of the second electrodes,
respectively, the need for providing a control unit 200
configured to apply these voltages to correspond to each
of the plurality of the pairs of the first electrodes and the
pair of the second electrodes is eliminated, thereby en-
abling a simplified configuration.

[0071] It should be noted that the present invention is
not limited to the embodiments described herein, and
various modifications and variations thereof are possible
within the spirit and scope of the present invention. For
example, in the configuration shown in FIG. 3, two po-
larizing plates 13 and 22 are placed to sandwich the op-
tical coupling 40. The transmission axes of these two
polarizing plates 13 and 22 are both set at 0° and the
same, and therefore, either one of the polarizing plates
may be omitted. For example, as shown in FIG. 12, of
the pair of the polarizing plates 12 and 13 included in the
liquid crystal shutter 10, one polarizing plate 13, which
islocated on the side near the liquid crystal display device
20, may be concurrently used as one polarizing plate 22
located on the side near the liquid crystal shutter 10 of
the pair of the polarizing plates 22 and 23 included in the
liquid crystal display device 20, and thus the polarizing
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plate 22 may be omitted. Thus the number of parts can
be reduced by sharing a polarizing plate, which would
otherwise be provided individually for the liquid crystal
shutter 10 and the liquid crystal display device 20, sep-
arately. Furthermore, reducing the number of polarizing
plates by one can increase the transmittance.

[0072] Further, although according to the above-de-
scribed embodiment the first area 10A of the liquid crystal
shutter 10 is divided into different areas to be used in the
transparent state and the opaque state, it may also be
possible to vary the degree of transparency of the first
area 10A. This enables the total dimming ratio in a com-
bination of the liquid crystal display device 20 and the
liquid crystal shutter 10 to be expanded.

[0073] For example, the variation of the degree of
transparency of the first area 10A may be enabled by
varying at least one of the magnitude and frequency of
the voltage applied across the pair of the first electrodes
115A and 116B (FIG. 5) from the control unit 200. Con-
trolling the applied voltage or frequency in this way allows
the transparency of the liquid crystal shutter 10 to be
varied with relative ease.

[0074] It may also be possible that a touch panel is
provided between the liquid crystal shutter 10 and the
liquid crystal display device 20 in such a way that the
transparent area (detection area) of the touch panel cor-
responds to the first area 10A of the liquid crystal shutter
10. For example, in the example shown in FIG. 3, a touch
panel may be provided between the polarizing plates 12
and 13 and the TN LCD cell 11, or between the polarizing
plate 13 and the optical coupling 40.

[0075] FIG. 13illustrates the positional relationship be-
tween a touch panel, a liquid crystal shutter 10, and a
liquid crystal display device 20. As shown in FIG. 13, the
display area 20A of the liquid crystal display device 20,
the first area 10A of the liquid crystal shutter 10, and the
transparent area (detection area) 50A of the touch panel
50 correspond to one another. The touch panel 50 has
an area 50B around the transparent area 50A, and the
area 50B includes, for example, a position detection cir-
cuit and wiring extending from a transparent electrode
included in the transparent area 50A when the touch pan-
el 50 is of a capacitive type. Even when this area 50B is
to be shielded, the entire liquid crystal shutter 10 can be
made a uniform color when the display section is not
active.

[0076] Further, although according to the second em-
bodiment described above the display area 20A of the
liquid crystal display device 20 and the first area 10A’ of
the liquid crystal shutter 10’ are divided into two division
areas, these areas may also be divided into three or more
division areas.

[0077] As described herein, according to the present
invention, since a liquid crystal shutter is layered on dis-
playing means and switches between a transparent and
opaque states in conjunction with a display area of the
displaying means, the color of the display area in the
opaque state can be exactly matched with that of the
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hidden area in the opaque state.

Reference Signs List

[0078]

10 LIQUID CRYSTAL SHUTTER

11 TN LCD CELL

12,13 POLARIZING PLATES

14 ANTI-SCATTERING FILM

20 LIQUID CRYSTAL DISPLAY DEVICE
(LCD)

30 BACKLIGHT

40 OPTICAL COUPLING

100 DISPLAY DEVICE

110 LIQUID CRYSTAL

111 UPPER ORIENTATION FILM

112 LOWER ORIENTATION FILM

113 UPPER OVERCOAT LAYER

114 LOWER OVERCOAT LAYER

115 UPPER TRANSPARENT ELEC-
TRODE

116 LOWER TRANSPARENT ELEC-
TRODE

200 CONTROL UNIT

210, 220,230 POWER SUPPLIES

232 PWM CIRCUIT

Claims

1. A display device (100), comprising:

displaying means (20) having a display area
(20A) and a hidden area (20B) surrounding the
display area (20A);

a liquid crystal shutter (10) layered on the dis-
playing means (20) and having a firstarea (10A)
corresponding to the display area (20A) and a
second area (10B) corresponding to the hidden
area (20B); and

controlling means (200) for setting the first area
(10A) and the second area (10B) to a transpar-
ent state and an opaque state, respectively,
when the display area (20A) is active, and set-
ting the first area (10A) and the second area
(10B) to the opaque state when the display area
(20A) is not active.

2. Thedisplay device (100) according to claim 1, char-
acterized in that
the liquid crystal shutter (10) includes a liquid crystal
(110), a pair of orientation films (111, 112) arranged
to sandwich the liquid crystal (110), and a pair of
transparent electrodes (115, 116) arranged to sand-
wich the pair of the orientation films (111,112);
the pair of the transparent electrodes (115, 116) in-
cludes a pair of first electrodes (115A, 116B) corre-
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sponding to the first area (10A) and a pair of second
electrodes (115C, 116C) corresponding to the sec-
ond area (10B);

voltage at the same potential and voltage having a
predetermined frequency and a predetermined po-
tential difference are selectively applied across the
pair of the first electrodes (115A, 116B); and

the voltage at the same potential is always applied
across the pair of the second electrodes (115C,
116C).

The display device (100) according to claim 1 or 2,
characterized in that

thefirstarea (10A’) included in the liquid crystal shut-
ter (10’) is divided into a plurality of division areas
(10A1’, 10A2’); and

the controlling means (200) sets each of the plurality
of the division areas (10A1’, 10A2’) separately to the
transparent state or the opaque state.

The display device (100) according to claim 3, char-
acterized in that

each of the plurality of the division areas (10A1’,
10A2’) is able to be set separately to the transparent
state or the opaque state regardless of the operating
state of the display area (20A).

The display device (100) according to claim 3 or 4,
characterized in that

the liquid crystal shutter (10) includes a liquid crystal
(110), a pair of orientation films (111, 112) arranged
to sandwich the liquid crystal (110), and a pair of
transparent electrodes (115, 116) arranged to sand-
wich the pair of the orientation films (111,112);

the pair of the transparent electrodes (115, 116) in-
cludes a plurality of pairs of first electrodes (115A,
116B) respectively corresponding to the plurality of
the division areas (10A1’, 10A2’) included in the first
area (10A’) and a pair of second electrodes (115C,
116C) corresponding to the second area (10B);
voltage at the same potential and voltage having a
predetermined frequency and a predetermined po-
tential difference are selectively and separately ap-
plied across each of the plurality of the pairs of the
first electrodes (115A, 116B); and

the voltage at the same potential is always applied
across the pair of the second electrodes (115C,
116C).

The display device (100) according to claim 2 or 5,
characterized in that

overcoat layers (113, 114) are formed between the
orientation films (111, 112) and the first and second
electrodes (115A, 116B, 115C, 116C), as well as
between the first electrodes (115A, 116B) and the
second electrodes (115C, 116C).

The display device (100) according to any one of
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10

10.

1.

12.

13.

claims 2, 5 and 6, characterized in that

the liquid crystal shutter (10) further includes a pair
of polarizing plates (12, 13) arranged to sandwich
the pair of the transparent electrodes (115, 116), and
both of the pair of the polarizing plates (12, 13) have
a transmission axis at the same angle.

The display device (100) according to claim 7, char-
acterized in that

the displaying means (20) is a liquid crystal display
device (20); and

one of the pair of the polarizing plates (13), which is
located on the side near the liquid crystal display
device (20), is concurrently used as one of another
pair of polarizing plates (22) included in the liquid
crystal display device (20), which is located on the
side near the liquid crystal shutter (10).

The display device (100) according to any one of
claims 2, 5 to 7, characterized in that

the displaying means (20) is a liquid crystal display
device (20);

abacklight (30)is included in the liquid crystal display
device (20); and transparency of the first area (10A)
is variable.

The display device (100) according to claim 9, char-
acterized in that

the variation of the transparency of the first area
(10A) is enabled by varying at least one of the mag-
nitude and frequency of the voltage applied across
the pair of the first electrodes (115A, 116B).

The display device (100) according to any one of
claims 1to 10, characterized by further comprising:

a touch panel (50) placed between the liquid
crystal shutter (10) and the displaying means
(20) and having a transparent area (50A) corre-
sponding to the first area (10A).

The display device (100) according to claim 9 or 10,
characterized in that the display device is config-
ured to perform a display operation started in the
following order:

(1) in the liquid crystal shutter (10), the first area
(10A) is switched to the transparent state;

(2) displaying by the liquid crystal display device
(20) is started; and

(3) the backlight (30) is turned on.

The display device (100) according to claim 9 or 10,
characterized in that the display device is config-
ured to perform a display operation started in the
following order:

(1) in the liquid crystal shutter, the first area is
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switched to the transparent state;

(2) displaying by the liquid crystal display device
is started; and

(3) the backlight (30) is gradually brightened.

14. The display device (100) according to claim 9 or 10,
characterized in that the display device is config-
ured to perform a display operation terminated in the
following order:

10
(1) the backlight (30) is turned off;
(2) displaying by the liquid crystal display device
(20) is terminated; and
(3) in the liquid crystal shutter (10), the first area
(10A) is switched to the opaque state. 15

15. The display device (100) according to claim 9 or 10,
characterized in that the display device is config-
ured to perform a display operation terminated in the
following order: 20

(1) the backlight (30) is gradually dimmed;
(2) displaying by the liquid crystal display device
is terminated; and

(3) in the liquid crystal shutter, the first area is 25
switched to the opaque state.
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